The mechanisms that give rise to familiarity memory have received intense research interest. One current topic of debate concerns the extent to which familiarity is driven by the same fluency sources that give rise to certain implicit memory phenomena. Familiarity may be tied to conceptual fluency, given that familiarity and conceptual implicit memory can exhibit similar neurocognitive properties. However, familiarity can also be driven by perceptual factors, and its neural basis under these circumstances has received less attention. Here we recorded brain potentials during recognition testing using a procedure that has previously been shown to encourage a reliance on letter information when assessing familiarity for words. Studied and unstudied words were derived either from two separate letter pools or a single letter pool ("letter-segregated" and "normal" conditions, respectively) in a within-subjects contrast. As predicted, recognition accuracy was higher in the letter-segregated relative to the normal condition. Electrophysiological analyses revealed parietal old-new effects from 500-700 ms in both conditions. In addition, a topographically dissociable occipital old-new effect from 300-700 ms was present in the letter-segregated condition only. In a second experiment, we found that similar occipital brain potentials were associated with confident false recognition of words that shared letters with studied words but were not themselves studied. These findings indicate that familiarity is a multiply determined phenomenon, and that the stimulus dimensions on which familiarity is based can moderate its neural correlates. Conceptual and perceptual contributions to familiarity vary across testing circumstances, and both must be accounted for in theories of recognition memory and its neural basis.
Introduction
The simplest expression of memory for a prior episode is the experience of recognizing something as familiar. Contemporary theories of recognition memory emphasize the distinction between familiarity and another mnemonic expression termed recollection (Aggleton and Brown, 2006; Eichenbaum et al., 2007; Mandler, 1980; Yonelinas, 2002) . Recollection refers to a recognition experience accompanied by the ability to recall the spatiotemporal context or other specific features of a previous encounter-for example, when recognizing an acquaintance and recalling her name, or seeing a photograph and identifying the circumstances under which it was taken. By contrast, familiarity refers to the impression that a particular stimulus has been encountered previously without substantiation by the recall of relevant details.
The notion that distinct neurocognitive processes subserve recognition with and without recollection has been extremely influential in recent years. This distinction has been particularly useful in identifying properties that disproportionately characterize recollection. For example, there is now substantial evidence that recollection depends on hippocampal processing (Aggleton and Brown, 1999; Eichenbaum et al., 2007) , that it is diminished when attentional resources are challenged (Troyer et al., 1999; Yonelinas, 2001) , and that it is susceptible to impairment in a variety of neurological and psychiatric disorders such as Alzheimer's Disease, mild cognitive impairment (MCI; Anderson et al., 2008; Westerberg et al., 2006) , and schizophrenia (Danion et al., 2007; Huron et al., 1995) . By contrast, there is far less consensus on many of these issues with regard to familiarity (Algarabel et al., 2009a; Cipolotti et al., 2006; Jacoby and Kelley, 1992; Libby et al., 2013; Weiss et al., 2008; Wixted and Squire, 2004; Wolk et al., 2005) . Moreover, disagreements abound regarding the neural correlates of familiarity in healthy individuals when measured with event-related potentials (ERPs: e.g., Paller et al., 2007; Rugg and Curran, 2007; Voss and Federmeier, 2011) and functional neuroimaging (fMRI: e.g., Cowell et al., 2010; Ranganath et al., 2004; Wais et al., 2006) .
Given that familiarity is notoriously difficult to measure and to separate from recollection, oftentimes discrepant findings in the literature may be attributable to differences in measurement techniques (Libby et al., 2013; Paller et al., 2007; Wixted et al., 2010; Yonelinas, 2002) or, when applicable, in patient type or severity (Algarabel et al., 2009a; Bastin et al., 2013; Yonelinas et al., 2010) . However, there is also evidence that familiarity performance-even when measured in the same individuals in the same manner-can vary according to the stimulus dimensions that are most relevant and/or salient during a particular task. For example, Embree, Budson, and Ally (2012) found that familiarity in a group of patients with MCI was intact for pictures, but impaired for words, a finding that roughly mirrors the general pattern in the literature (for review, see Ally, 2012) . In addition, a patient with a left perirhinal cortex lesion who was initially characterized as having a general familiarity deficit (Bowles et al., 2007) was recently found to have intact familiarity for nonverbal stimuli, such as faces and abstract line drawings (Martin et al., 2011) . Electrophysiological correlates of familiarity can also differ depending on the stimuli for which familiarity is measured. It has been widely assumed that familiarity can be generically indexed by a particular brain potential termed FN400 (e.g., Rugg and Curran, 2007) . However, FN400 potentials usually correlate with familiarity when it occurs for words or nameable pictures but not when it occurs for nonverbalizable stimuli such as complex geometric patterns or faces (Danker et al., 2008; Voss et al., 2010a; Paller, 2007, 2009b; Yovel and Paller, 2004) .
Why might familiarity-which can be strikingly amodal from a phenomenological standpoint-appear to be heterogeneous on a neural level? Findings from our laboratory and others suggest that one key to deconstructing familiarity lies in a closer examination of its relationship to the implicit memory phenomena of priming (Dew and Cabeza, 2011; Leynes and Zish, 2012; Lucas et al., 2012; Wang et al., 2010; Wang and Yonelinas, 2012; Woollams et al., 2008) . Priming occurs when prior experience results in an increase in the fluency with which specific stimuli are processed and thereby facilitates certain responses or decisions about these stimuli. It has long been suggested that the same fluency signals thought to give rise to priming can also contribute to familiarity experiences (Jacoby and Dallas, 1981) , though the extent and nature of these contributions remain an open topic of study.
Importantly, it is generally well-appreciated that priming is multifaceted in its neural underpinnings. The spatial and temporal loci of the repetition-related boosts in fluency that lead to priming are known to depend on the nature of the relevant stimulus representations. Repetition priming for visual stimuli, for example, can be registered at various points along a posterior-to-anterior gradient within the ventral visual processing stream, with posterior regions computing information about lower-level sensory information and anterior regions computing information about global form, structure, and meaning (e.g., Henson, 2003; Schacter et al., 2007) . These regions also tend to be unevenly susceptible to the neuropathology of Alzheimer's Disease and MCI, such that conceptual priming impairments are evident earlier and to a greater degree than perceptual priming impairments (Fleischman et al., 2005) . Thus, insofar as familiarity can sometimes be an outcome of fluency, one would expect its neurocognitive basis to also show an amount of representational specificity. In particular, the research presented here examines the possibility that differential contributions of certain types of fluency to familiarity across experimental situations can account for discrepant findings in prior investigations.
We have previously argued Paller et al., 2007; Voss et al., 2012 ) that our understanding of familiarity and its neural basis is limited by the fact that most studies of familiarity have used stimuli that are replete with meaning, such as words and nameable pictures. As a result, neural measures such as FN400 potentials that appear to track stimulus familiarity per se may instead reflect increases in conceptual fluency that occur upon stimulus repetition. Indeed, conceptual fluency and familiarity may often be tightly correlated across trials-and their neural correlates thus highly confusable-because trial-to-trial fluctuations in factors such as attention and depth-of-encoding can exert parallel influences on both outcomes Yonelinas, 2002) . Moreover, evidence from our laboratory suggests that FN400 potentials covary more closely and reliably with conceptual priming than they do with familiarity (Voss et al., 2010a (Voss et al., , 2010b Voss and Paller, 2007; Voss et al., 2010b) . Whereas this research has generally been silent about whether conceptual fluency contributes to familiarity, findings using individual-difference and lesion-mapping approaches to compare the two phenomena Wang and Yonelinas, 2012) are suggestive of a shared underlying mechanism when familiarity is based on conceptual stimulus dimensions. By comparison, the neural mechanisms of familiarity based on perceptual stimulus dimensions remain relatively unexplored. Given that many neurocognitive attributes of conceptual fluency do not apply to perceptual fluency, one might not expect findings about conceptually-driven familiarity to generalize to other situations. Investigations of familiarity in a more diverse set of circumstances-particularly circumstances in which familiarity is supported by relatively low-level stimulus features-will be necessary to gain a more precise and comprehensive view of familiarity memory and its neurocognitive properties.
A paradigm introduced by Parkin et al. (2001) seems promising in this regard. This paradigm capitalizes on the fact that processing fluency for words can be enhanced through exposure to their component lower-level elements, such as individual letters or letter clusters (Dehaene et al., 2004) . Due to the limited number of letters and common letter combinations in most languages, fluency with letter information is inadequate for differentiating between studied and unstudied words in typical recognition tests. To investigate whether familiarity could be driven by these perceptual characteristics under certain circumstances, Parkin and colleagues investigated recognition for target and lure stimuli constructed from entirely separate pools of letters. In the key condition of this study-here termed the LetterSegregated (LS) condition-target words were derived from a restricted set of letters and lures were derived from a different, nonoverlapping letter set. In a second condition-here termed the Normal (N) condition-targets and lures were derived from the entire alphabet, as is normally the case in recognition memory experiments. The logic of this design was that information concerning low-level stimulus dimensions that correspond to letters would be available as a cue to recognition only in the LS condition. As predicted, Parkin and colleagues found that recognition memory was enhanced in the LS relative to the N condition. Moreover, this finding obtained even though subjects reported being unaware of the experimental manipulation, suggesting that they did not use a recollective strategy to discriminate the different letters that comprised targets and lures in the LS condition. Presumably, the memory improvement in the LS condition was due to familiarity derived from letter fluency (see also Algarabel et al., 2009b; Bastin et al., 2013; Keane et al., 2006, for similar arguents) .
In the present research, we combined the letter-segregation paradigm with recordings of ERPs in order to investigate the neural basis of familiarity driven by letter information. In Experiment 1, we neurally isolated contributions of letter fluency to recognition by analyzing ERPs for correctly recognized studied words (hits) and correctly rejected unstudied words (CRs) in the LS and N conditions. The logic of the analysis strategy was that fluency with conceptual information should differ to roughly the same extent between targets and lures in both conditions, whereas fluency with sublexical information-and its associated neural correlates-will correspond to prior exposure only in the LS condition. Because FN400 effects are generally observed only when familiarity co-occurs with conceptual fluency, we did not expect FN400 potentials to differ between the LS and N conditions. Rather, other ERPs should be associated with enhanced recognition due to letter fluency, perhaps including posterior ERPs associated with implicit memory for words or word components (Grainger and Holcomb, 2009; Paller and Gross, 1998; Rugg et al., 1998) . In Experiment 2, we attempted to replicate and extend the findings obtained in Experiment 1 by altering the paradigm to examine ERPs to false alarms for words that were not presented in the study phase, but that shared letters with words that were presented in the study phase.
As in prior studies that have used this letter-segregation paradigm, data from participants who evinced any knowledge of the letter manipulation, and who could thereby have used a recollection-based strategy to improve recognition in the LS condition, were excluded from analysis. Thus, qualitatively different ERPs during recognition for words presented in the letter-segregated versus the normal condition would provide new insight into the range of electrophysiological signals that can support familiarity.
Experiment 1

Methods
Participants
Sixteen participants (12 female, 15 right-handed, ages 18-22) participated in the experiment. Data from an additional six participants were discarded due to excessive ocular artifacts and/or electrode drift (N25% of trials, n = 3), participants' suspicion about the letter manipulation (n = 2), or very poor performance on the memory test (false alarms greater than hits in both the N and LS conditions, n = 1). Also, data from one additional participant were excluded because key ERP comparisons were more than three standard deviations away from the mean.
Materials
Stimuli consisted of two lists of 240 English words. One of these word lists (List A) was derived using only the letters a, b, d, e, g, j, l, r, t, v, w, x, z. The second list (List B) contained words derived using the letters c, f, h, i, k, m, n, o, p, q, s, u, y. For each participant, the letters from one of these lists comprised the target stimuli for the LS blocks, and the letters from the other list comprised the lure stimuli. The stimuli were divided into four sets matched for mean word length, each of which contained 60 words from List A and 60 from List B (see Appendix A). The assignment of the sets to LS blocks versus N blocks was counterbalanced across participants, as was the frequency with which each word served as a target or a lure within either type of block. An additional eight words per list served only as buffers (primacy and recency buffers during each study phase and practice trials at the beginning of each test phase).
Procedure
Each participant completed four study-test blocks, two of which were presented as part of the N condition and two as part of the LS condition. Each participant saw both N blocks and LS blocks consecutively, and the frequency with which the N blocks were presented in the first versus the second half of the experiment was counterbalanced.
In each study phase, 60 words were presented in a random order bounded by one primacy buffer and one recency buffer. In the N blocks, 30 of these words came from List A and 30 from List B. In the LS blocks, all 60 of the words came from either List A or List B. During each test phase, 120 words were presented in a random order, 60 of which had been presented during the prior study phase and 60 of which were unstudied. In the N blocks, unstudied words were drawn equally from List A and List B. In the LS blocks, all unstudied words were drawn from the list that did not contain the studied words.
Each study trial began with a 50-ms presentation of the study word, followed by an additional 750 ms of fixation. Subjects were instructed to indicate using a button press whether the word had one syllable (Button 1) or more than one syllable (Button 2). Subjects were also told to try to remember the words for the upcoming memory test.
Each test block was preceded by one practice trial containing a buffer word. Data from practice trials were not included in analyses. Each test trial began with the message "Press Button 6 for the next trial." Following a random delay between 1000 and 1500 ms after a participant's key press, a test word was presented for 300 ms. Participants were instructed to indicate using a button press whether they were confident that the word was old (Button 1), believed the word was old without confidence (Button 2), believed the word was new without confidence (Button 3), or were confident that the word was new (Button 4). Both speed and accuracy were emphasized.
ERPs were extracted from scalp electroencephalographic recordings from 32 Ag/AgCl electrodes (BioSemi ActiveTwo system) at locations from the 10-20 system. Voltage was rereferenced offline to averaged mastoids. The electrooculogram was recorded from electrodes below the center of each eye and on each outer canthus. Signals were recorded with a band pass of 0-104 Hz, and sampled at a rate of 512 Hz. Signals were high-pass filtered offline at 0.1 Hz. Each 1100-ms averaging epoch began 200 ms prior to stimulus onset. Mean prestimulus amplitudes were subtracted to correct for baseline variability. Epochs containing electroocular or other artifacts were excluded from ERP analyses (mean = 15.1%, SE = 1.5). To detect blinks and eye-movement artifacts, two bipolar channels were created to represent the difference between each vertical EOG channel and the electrode located immediately above the corresponding eye. A third bipolar channel was created to represent the difference between the right and left horizontal EOG channels. A 200-ms moving window with 50-ms steps was used to identify trials that contained large voltage changes in the bipolar EOG channels. In addition, an absolute voltage threshold was applied to remaining channels to detect artifacts due to electrode drift, muscle tension, or head movement. Initial visual inspection of single epochs was used to tailor these thresholds to each participant in order to maximize the sensitivity and selectivity of artifact rejection (Luck, 2005) . A second round of visual inspection blind to experimental conditions served to confirm and adjust the suggested rejections. Participants for whom artifacts were present on N25% of trials were excluded from analysis (see Participants section). Averaged ERP waveforms were low-pass filtered at 30 Hz.
Statistical comparisons were performed on amplitudes averaged over three midline electrode clusters, and were made using repeatedmeasures ANOVA (criterion p = 0.05) with Greenhouse-Geisser correction for non-sphericity where appropriate. The clusters included the following electrodes: frontal cluster (F3, Fc1, Fc2, F4, Fz); parietal cluster (Cp1, P3, Pz, P4, Cp2); occipital cluster (Po3, O1, Oz, O2, Po4).
Results
Behavior Table 1 shows the mean proportion of studied and unstudied items endorsed as "old" or "new" by participants in the N and LS conditions. Collapsing across the two confidence levels, mean values for hits minus false alarms ("old" for studied words minus "old" for unstudied words) were 26.5% (SE = 0.04) for the N condition and 48.5% (SE = 0.04) for the LS condition. Thus, as predicted, recognition was more accurate in the LS condition than in the N condition [t(15) = 5.66,
The data for proportion of "old" responses were submitted to a 2 (study status: studied/unstudied) × 2 (condition: N/LS) × 2 (confidence: high/low) repeated-measures ANOVA, which revealed a main effect of study status [F(1,15) = 100.79, p b .001], reflecting a higher proportion of "old" judgments for studied relative to unstudied words. A main effect of condition also emerged [F(1,15) = 11.66, Table 1 Mean percentage of responses in each condition in Experiment 1 (SE in parentheses).
"Old" high conf.
"Old" low conf.
"New" low conf. 
Electrophysiology
The primary purpose of this study was to identify neural measures that underlie the increased familiarity afforded to studied relative to unstudied words in the LS relative to the N condition. Accordingly, analyses were conducted only for correct trials. Visual inspection of the waveforms contrasting hits and correct rejections (CRs) revealed pronounced old/new effects maximal from 500 to 700 ms at centroparietal locations (Fig. 1) . The hit/CR contrast in the LS condition revealed an earlier and more occipital effect that appeared both at 300-500 ms and at 500-700 ms. Formal comparisons of ERP old/new effects in N and LS conditions were conducted over both of these intervals (300-500 ms and 500-700 ms). These statistical comparisons took the form of 3 (electrode cluster: frontal/parietal/occipital) × 2 (response: hit/CR) × 2 (condition: N/LS) ANOVAs. Participants varied widely in their use of the two confidence levels, likely due to a combination of individual differences in both memory strength and response criteria. Trials were thus collapsed across confidence levels for ERP analyses to ensure sufficient trial counts for all conditions. The mean number of artifact-free trials per participant was 77 for LS hits (range = 33-103), 73 for LS CRs (range = 51-97), 72 for N hits (range = 43-99), and 57 for N CRs (range = 25-86).
300-500 ms. Over the first interval, a marginal main effect of response emerged [F(1,15) = 4.11, p = .061] due to a tendency for more positive amplitudes for hits than CRs. Importantly, this difference was qualified by an interaction between response and condition [F(1,15) = 7.13, p = .017], reflecting a greater difference between hits and CRs in the LS condition relative to the N condition. Follow-up comparisons confirmed that the old/new effect was significant for the LS condition [F(1,15) = 8.9, p = .009], but not for the N condition [F(1,15) 
No interactions involving electrode cluster were significant [F's b 2.23, p's N .14]. However, given previous suggestions that frontal ERPs from 300 to 500 ms generically index familiarity, as well as prior indications that posterior ERPs over this latency may relate to forms of perceptual fluency for words (e.g., Lucas et al., 2012; Paller and Gross, 1998; Rugg et al., 1998) we performed additional planned analyses to better characterize the topography of the old/new effects present for the LS condition. We conducted separate response × electrode ANOVAs comparing LS hits to LS CRs over the frontal, parietal, and occipital electrode clusters. The main effect of response was significant for both the parietal cluster [F(1,15) = 9.91, p = .007], and the occipi- For the LS condition, old/new ERP differences measured 0.48 μV for frontal, 2.21 μV for parietal, and 1.77 μV for occipital clusters. For the N condition, old/new ERP differences measured 1.03 μV for frontal, 1.52 μV for parietal, and 0.69 μV for occipital clusters.
Formal assessments of differences in topographic distribution between the aforementioned N and LS hit/CR effects utilized the vectornormalization approach (McCarthy and Wood, 1985) . Averaged amplitude values from each electrode were compared for the two conditions after overall amplitude differences were removed. This comparison sought to determine if the old/new ERP topography at 500-700 ms differed reliably between LS and N conditions. A significant electrode-bycondition interaction [F(6.77,101.53) = 2.4, p = .028] substantiated the observation that the LS old/new effect was more posterior than the N old/new effect. Thus, both conditions showed differences between hits and CRs from 500 to 700 ms, but the topographies suggest that partially distinct neural populations contributed to these effects. Difference waves (Fig. 2) illustrate that old/new effects were more occipital for the LS condition than the N condition.
Discussion
We replicated previous findings of enhanced discrimination accuracy in a recognition test when targets and lures were derived from separate letter pools relative to when targets and lures shared letters (e.g., Parkin et al., 2001) . This difference was robust despite excluding subjects who reported any awareness of the letter manipulation (i.e., two subjects for whom letter segregation may have enhanced recognition via explicit letter-based strategies).
ERP analyses were based on the assumption that recognition stemming from letter information would occur to a greater extent in the LS condition relative to the N condition. Thus, old/new ERP differences unique to the LS condition can be attributed to the additional contributions of letter information to accurate recognition. Comparisons between hits and CRs in the N condition revealed differences in positivegoing, centroparietal ERPs from 500 to 700 ms. These ERP differences were similar to LPC potentials that have been widely associated with recollection in prior research, but are also sometimes associated with familiarity . Similar LPC differences were apparent in the LS condition; however, hits and CRs in this condition also differed in earlier, occipital ERPs that onset around 300 ms. These ERPs extended into the 500-700 ms interval where they overlapped with, but were topographically dissociable from the centroparietal LPC differences that were discernible in the N condition.
In support of the notion that familiarity can be associated with a plurality of neural correlates-and contradicting ideas that familiarity can be generically indexed by FN400 potentials-the added familiarity afforded to old relative to new words in the LS condition did not occur in conjunction with ERP differences at frontal electrodes, nor was it associated with a mere quantitative increase in the magnitude of old/new effects identified in the N condition. Instead, distinct occipitally-focused brain potentials were observed under conditions in which letter fluency facilitated accurate recognition decisions. Although a very large number of prior ERP studies have examined recognition memory for words, none to our knowledge has identified occipital old/new effects that resemble those found here in the LS condition. The most likely explanation for this difference is that recognition for words in prior studies was based strongly on conceptual stimulus dimensions, such that FN400 old/new effects reflected a role of conceptual fluency in facilitating accurate familiarity-based responding. By contrast, recognition in the present study was strongly influenced by sublexical information. Indeed, similar ERPs have been identified in previous studies that have examined priming for visual word forms (Paller and Gross, 1998; Rugg et al., 1998) or position-independent orthographic representations (Grainger and Holcomb, 2009) .
Given the assumption that all of the common words in this experiment held conceptual meaning for the participants, and the link we have proposed between FN400 potentials and conceptual fluency , one might wonder why FN400 differences between old and new words were absent. Although we predicted that FN400 potentials would not differ between LS and N conditions, a complete lack of FN400 differences was unexpected. One plausible explanation is that the extremely fast pace and shallow encoding task used in the study phase provided minimal opportunities for semantic elaboration, such that conceptual fluency was not sufficiently enhanced when words were repeated. Consistent with this explanation are prior findings in which deep encoding instructions have resulted in larger FN400 differences than have shallow encoding instructions (Paller and Kutas, 1992; Rugg et al., 2000; Ullsperger et al., 2000) . Moreover, in a prior study in which recognition was tested for words that evoked minimal conceptual meaning, LPC potentials were found in association with both recollection and familiarity (Voss et al., 2010a ). Thus, it is possible that when conceptual fluency is not sufficiently diagnostic of recognition status, experiences of familiarity and recollection are indexed by a graded electrophysiological signal that corresponds to LPC potentials.
Interestingly, analyses of participants' confidence ratings at test revealed that the beneficial effect of letter segregation on recognition accuracy was reflected primarily in more accurate high-confidence responding. This finding might raise questions as to whether the 2 Note that it is also possible that the higher proportion of high-confidence trials registered in the LS relative to the N condition led to the LS-specific occipital old/new effects. We would argue that a confidence-based account of these results is unlikely given that numerous studies have examined the effects of confidence on old/new ERPs (e.g., Curran, 2004; Finnigan et al., 2002; Voss and Paller, 2009b ) and none to our knowledge has reported occipital ERPs similar to those described here. Nonetheless, we conducted exploratory analyses of ERP differences from 300 to 700 ms over the occipital cluster in a subgroup of 9 participants who had at least 10 artifact-free trials corresponding to both high-confidence hits and highconfidence CRs in both the LS and N conditions. A significant difference between highconfidence hits and high-confidence CRs was present for the LS condition [t (8) improvements in recognition memory in the LS condition are better characterized as recollection rather than familiarity, given that recollection is more often associated with higher levels of confidence. The fact that all included participants failed to catch on to the letter-segregation paradigm-and many expressed surprise when told about it during debriefing-suggests that recollection of letter cues to "oldness" per se are unlikely to account for the results. Nonetheless, we cannot rule out a contribution of some amount of recollective experience to the performance improvements seen in LS blocks. Indeed, while most prior studies that have manipulated stimulus fluency have found corresponding increases in familiarity, fluency effects on recollection have been reported occasionally (Kurilla and Westerman, 2008; Taylor and Henson, 2012b) , and it has been suggested that all mnemonic experiences, including recollection, can result partially from the attribution of fluency to prior experience (Mayes et al., 1997; Mayes and Roberts, 2001 ). In addition, due to the orthographic similarity among studied words in the LS condition, it is possible that a proportion of the correct "old" responses stemmed from participants mis-recollecting words that were orthographically similar to target words. However, this explanation appeals to a mere quantitative increase in recollection in the LS relative to the N condition, and thus cannot easily account for the qualitatively different old/new effects that characterized the two conditions. Instead, these findings indicate that distinct retrieval mechanisms were at work in the LS condition. Future studies will be necessary to understand the extent to which these mechanisms can sometimes result in experiences of recollection in addition to familiarity. The potential for the novel electrophysiological signal described here to reflect contributions to multiple mnemonic experiences does not detract from the importance of the present findings, particularly since letter-fluency effects have been shown to be intact in multiple populations for whom recollection is typically impaired (Bastin et al., 2013; Keane et al., 2006; Parkin et al., 2001) . The finding that letter fluency preferentially influenced highconfidence responding is also of note because it distinguishes the pattern observed here from a phenomenon termed implicit recognition or recognition without awareness (Vargas et al., 2012; Voss and Paller, 2009a) . Implicit recognition refers to a situation wherein fluency can support veridical recognition responses that are devoid of the subjective awareness that characterizes both familiarity and recollection. Instead, perceptual fluency in several studies has been found to contribute to recognition performance by producing qualitatively different effects on participants' "guess" responses compared to confident responses. Such findings present an intriguing challenge to fluency-attribution accounts of familiarity, because implicit recognition hypothetically reflects a mechanism by which fluency can influence recognition performance with no involvement of experienced familiarity whatsoever. Moreover, prior attempts to empirically demonstrate effects of fluency on familiarity have seldom allowed for measures to separate familiarity from guessing, such that it is entirely possible that a portion of these effects stemmed from implicit recognition. In the present situation, however, analyses of participants' confidence ratings indicate that an attributional explanation by which fluency contributes to familiarity experiences provides a better account than does an explanation based on recognition without awareness. Future research will be necessary to determine the circumstances under which fluency effects are more likely to manifest as guessing versus confident responding.
One limitation of Experiment 1 is that, although all repeated words in the LS condition differed from new words in the amount of prior exposure afforded to their component letters, repeated words also differed from new words in the amount of prior exposure afforded to the words themselves. Of course, word-level repetition occurred in the N conditions as well. However, the extent to which the ERP differences uniquely observed in the LS condition reflected interactive processing between neurocognitive outcomes of letter repetition and those of word repetition cannot be determined. In contrast, false alarms for words that share letters with studied words, but were not themselves studied, would provide a relatively isolated measure of contributions of letter fluency to familiarity. To attain this measure in Experiment 2, we tested recognition under circumstances that were similar to those of the LS condition in Experiment 1, but which also included new words that shared letters with studied words. Thus, Experiment 2 was an attempt both to replicate the hit/CR differences obtained for the LS condition in Experiment 1 and to extend these findings to false recognition driven by letter fluency.
Experiment 2
Methods
Participants
Fourteen participants (7 female, all right-handed, ages 18-24) participated in the experiment. Data from an additional 5 participants were discarded due to excessive ocular artifacts and/or electrode drift (N25% of trials unusable, n = 2) or participants' suspicion about the letter segregation (n = 3).
Materials
The materials were the same as those used in Experiment 1. However, no N blocks were presented in Experiment 2. Thus, for each participant, words from either List A or List B served as the target words for all blocks. Lures comprised an equal number of words from List A and List B for all participants.
Procedure
Each participant completed four study-test blocks. In each study phase, 30 words were presented in a random order bounded by one primary buffer and one recency buffer. For each participant, the 30 words were chosen at random for each block from each one of the four word sets (see Appendix A), with the constraint that studied words came from List A for half of the participants and from List B for the remaining participants. During each test phase, 90 words were presented in a random order, 30 of which had been presented during the study phase and 60 of which were unstudied. Of the unstudied words, 30 came from the same list as did the studied words, and the remaining 30 came from the other list. In this way, the unstudied words could be subdivided depending on whether or not they shared letters with studied items. The stimulus timing and instructions provided to participants in Experiment 2 were the same as in Experiment 1. The procedures for recording and extracting ERPs in Experiment 2 were identical to those used in Experiment 1. Epochs containing electroocular or other artifacts were excluded from ERP analyses (mean = 10.3%, SE = 1.5). Unless otherwise noted, statistical comparisons were performed on amplitudes averaged over three midline electrode clusters, and were made using repeated-measures ANOVA (criterion p = 0.05) with Greenhouse-Geisser correction for non-sphericity where appropriate. As in Experiment 1, clusters included the following electrodes: frontal cluster (F3, Fc1, Fc2, F4, Fz); parietal cluster (Cp1, P3, Pz, P4, Cp2); occipital cluster (Po3, O1, Oz, O2, Po4).
Results
Behavior Table 2 shows recognition response rates for studied words, as well as for unstudied words that shared letters with studied words (termed related lures) and for unstudied words that did not share letters with studied words (termed unrelated lures). To assess overall discrimination accuracy, a study status (studied/unstudied) × confidence (high/low) repeated-measures ANOVA was performed on the proportion of "old" responses after collapsing across related and unrelated lures. A main effect of study status emerged [F(1,13) = 696.18, p b .001], as well as an interaction between study status and confidence [F(1,13) = 104.36, p b .001]. These findings reflect a tendency for participants to correctly endorse studied items as "old" more often than they falsely endorsed unstudied items as "old" and further indicate that this tendency was stronger for high-confidence relative to low-confidence responses.
False alarm rates for related versus unrelated lures were analyzed with a relatedness (related/unrelated) × confidence (high/low) repeated-measures ANOVA. A main effect of relatedness [F(1,13) = 239.67, p b .001] reflected a higher proportion of false alarms for related relative to unrelated lures. A main effect of confidence [F(1,13) = 5.4, p = .037] reflected more false alarms registered with low confidence than with high confidence. The relatedness × confidence interaction was nonsignificant [F(1,13) = 0.15, p = .70]. Thus, as predicted, participants produced more false alarms for unstudied items that shared letters with studied items than they did for unstudied items that did not share letters with studied items.
Electrophysiology, collapsed across confidence levels
Electrophysiological analyses served two main purposes. The first purpose was to determine whether occipital ERP differences were again found between hits and unrelated CRs, as in the LS condition in Experiment 1. The second purpose was to determine whether the same ERPs present for hits were also present for related false alarms (FAs), which would more convincingly tie these effects to recognition based on letter fluency. Note that the comparison between hits and related FAs is complicated by a larger proportion of high-confidence "old" responses for hits (see Table 2 ). Although analyses will first be presented collapsed across confidence levels, subsequent analyses will be presented that are limited to high-confidence "old" responses. For confidence-collapsed analyses, the mean number of artifact-free trials per participant was 84 for hits (range = 66-99), 47 for related FAs (range = 28-66), and 92 for unrelated CRs (range = 68-113).
Visual inspection of the waveforms corresponding to hits, related FAs, and unrelated CRs (Fig. 3a) revealed that parieto-occipital ERPs from 300 to 500 ms were similar for hits and related FAs, but were more positive for both of those conditions compared to unrelated CRs. By contrast, ERPs at frontal electrodes over this latency appeared to be more positive for hits than for either related FAs or unrelated CRs. From 500 to 700 ms, broadly-distributed positive ERPs appeared to be greater for hits relative to either related FAs or unrelated CRs. Formal statistical comparisons of these differences took the form of electrode cluster (frontal/parietal/occipital) × response (hit/related FA/unrelated CR) ANOVAs conducted over the 300-500 ms and 500-700 ms intervals.
In addition, the waveforms included an earlier, frontocentral ERP difference from 150 to 250 ms that was not present in Experiment 1. ERPs over this time interval appeared to be more positive for both hits and related FAs relative to unrelated CRs. Thus, an additional electrode cluster × response ANOVA was conducted from 150 to 250 ms. Summary. Central ERPs from 150 to 250 ms and occipital ERPs from 300 to 500 ms were of equal amplitude for hits and related FAs, and these amplitudes were greater than those for unrelated CRs (hits = related FAs N unrelated CRs). On the other hand, frontal ERPs from 300 to 500 ms and posterior LPC-like potentials from 500 to 700 ms were greater for hits than for the other two response types (hits N related FAs = unrelated CRs). These patterns are illustrated in Fig. 3b , which contrasts the difference waves between hits and unrelated CRs with the difference waves between related FAs and unrelated CRs.
These findings are broadly consistent with the results of Experiment 1, and further demonstrate that ERPs that reflect the contributions of letter fluency to recognition are distinct from the early frontal and late parietal old/new effects (FN400 and LPC) that are typically described in studies of recognition memory for words. As previously mentioned, however, differences between ERPs elicited by hits and by related FAs could also reflect the different proportions of high-confidence responses that are present in these comparisons. To investigate this possibility, additional analyses were limited to high-confidence responses.
Electrophysiology, high-confidence recognition
Analyses of the 300-500 ms and 500-700 ms intervals were repeated after excluding low-confidence "old" responses. These analyses necessitated the exclusion of data from four participants who had fewer than 15 artifact-free high-confidence related FAs. For the remaining 10 . ERPs to hits, related false alarms (FAs), and unrelated correct rejections (CRs) in Experiment 2. A) Waveforms at four midline electrodes (Fz, Cz, Pz, Oz) and topography of differences among conditions at 150-250 ms, 300-500 ms, and 500-700 ms. B) Waveforms depicting the subtraction between hits and unrelated CRs along with the subtraction between related FAs and unrelated CRs. Waveforms are shown for four midline electrodes (Fz, Cz, Pz, Oz). Topographic maps depict the hit/unrelated CR effect minus the related FA/unrelated CR effect over each time interval. Gray shading on the waveforms indicates the time intervals of interest (150-250 ms, 300-500 ms, 500-700 ms).
participants, the mean number of artifact-free, high-confidence trials per participant was 61 for hits (range = 37-92) and 23 for related FAs (range = 15-41), whereas there were 93 trials for unrelated CRs (including both confidence levels; range = 79-113). The resulting waveforms for all three conditions (high-confidence hits, high-confidence related FAs, and unrelated CRs) are depicted in Fig. 4a . Fig. 4b contrasts the difference waves between high-confidence hits and unrelated CRs with the difference waves between high-confidence related FAs and unrelated CRs. Thus, paired comparisons among the three response types were conducted separately at each electrode cluster. Frontal ERPs were more positive for hits relative to unrelated CRs [t(9) = 3.21, p = .01], and marginally more positive for hits relative to related FAs [t(9) = 2.06, p = .07]. The difference between related FAs and unrelated CRs was nonsignificant [t(9) = 0.50, p = .63].
Parietal ERPs were more positive for hits relative to unrelated CRs [t(9) = 4.98, p = .001], and more positive for related FAs relative to unrelated CRs [t(9) = 2.55, p = .03]. The difference between hits and related FAs was nonsignificant [t(9) = 1.39, p = .20].
Occipital ERPs were more positive for hits relative to unrelated CRs [t (9) and topography of differences among conditions at 300-500 ms and 500-700 ms. B) Waveforms depicting the subtraction between high-confidence hits and unrelated CRs along with the subtraction between high-confidence related FAs and unrelated CRs. Waveforms are shown for four midline electrodes (Fz, Cz, Pz, Oz). Topographic maps depict the hit/unrelated CR effect minus the related FA/unrelated CR effect over each time interval. Gray shading on the waveforms indicates the time intervals of interest (150-250 ms, 300-500 ms, 500-700 ms).
with a significant interaction between response and electrode cluster [F(3.20,28.84 Occipital ERPs were more positive for hits relative to unrelated CRs [t(9) = 2.76, p = .02], as well as for related FAs relative to unrelated CRs [t(9) = 2.40, p = .04]. No significant difference emerged between hits and related FAs [t(9) = 0.57, p = .59].
Summary. When only high-confidence "old" responses were considered, comparisons between related FAs and unrelated CRs yielded occipital ERP differences from 300 to 700 ms that are strikingly similar to those associated with recognition in the LS condition of Experiment 1. These findings join to identify these occipital brain potentials as a signal that can support familiarity based on letter information.
Discussion
In Experiment 2, we replicated the pattern of occipital ERP differences that were obtained in the LS condition of Experiment 1 when hits were compared to unrelated CRs. In addition, we extended these findings by showing that the same occipital ERP differences were present when related FAs were compared to unrelated CRs. Importantly, these ERPs are markedly different from FN400 potentials, which have been associated with familiarity for words in other situations, typically when encoding conditions emphasize conceptual information. In fact, frontocentral ERPs resembling FN400 potentials differed in this experiment between hits and unrelated CRs, whereas contrasts between related FAs and unrelated CRs did not evince differences at frontal electrodes even when limited to high-confidence "old" responses. Thus, it appears that even in the context of the same experiment, early frontal old/new effects can occur in conjunction with some expressions of familiarity but not others 3 (see also Leynes and Zish, 2012; Lucas et al., 2012; Wang et al., 2011) . Together, these findings suggest that the neural mechanisms by which familiarity is expressed depend in part on the stimulus dimensions that are most relevant to familiarity assessment. Interestingly, old/new effects in Experiment 2 were also evident at an earlier latency. Frontocentral P200 potentials were more positive for both hits and related FAs relative to unrelated CRs. These ERPs resemble P2 potentials that are considered to be part of the typical sensory-evoked response to visual stimuli, and have been linked to attention and target-detection processes during visual feature analysis (Luck and Hillyard, 1994) . Although P200 differences are not common among ERP studies of recognition memory, they have sometimes been reported in tasks that involve implicit or explicit perceptual matching processes, by which an incoming stimulus is compared to stored perceptual representations in memory (e.g., Curran and Dien, 2003; Evans and Federmeier, 2007; Misra and Holcomb, 2003) . For example, Evans and Federmeier (2007) observed repetition-related P200 increases during a continuous recognition task for visual words that were initially presented to the left visual field/right hemisphere, but not for words initially presented to the right visual field/left hemisphere, potentially reflecting a right-hemisphere superiority in formbased memory. P200 old/new effects were also identified in a recent study in which recognition memory was tested for abstract kaleidoscope stimuli (Voss and Paller, 2009a) and have been found in masked priming studies involving visual word forms (Misra and Holcomb, 2003) . Thus, repetition-related P200 increases during recognition tests may reflect some form of interaction between visual memory and visual feature analysis, although their precise functional significance remains unclear. It is also unclear why P200 differences were found in Experiment 2 but not in the LS blocks of Experiment 1. One possibility is that the exclusive use of LS blocks and the 2:1 ratio of letter-fluent stimuli in the test phases of Experiment 2 caused participants to adopt a recognition strategy that emphasized visual perceptual analysis to a greater extent.
General discussion
The vast majority of human electrophysiological studies that have examined familiarity to date have used recognition tests with words or nameable pictures. Most often, these studies have found differences in FN400 potentials between items judged to be more familiar and those judged to be less familiar, and these findings have been taken to support the notion that FN400 represents a neural index of a generic familiarity signal. However, because the type of processing typically emphasized in these studies was at the level of meaning, such studies cannot discriminate between neural patterns that reflect familiarity per se and those that specifically reflect outcomes of prior conceptual processing, such as conceptual fluency . Furthermore, conceptual fluency from prior processing could sometimes occur in such studies without being a precursor to recognition.
In two experiments, we found that testing recognition for common words in a manner that emphasized letter-level information resulted in qualitatively different neural patterns from those obtained in relation to familiarity under more conventional testing conditions. These findings indicate that-despite the homogeneous and amodal nature of familiarity as a subjective state-the neural mechanisms that can give rise to this state are diverse and depend on the nature of the relevant stimulus representations (for similar arguments see Lucas et al., 2012; Taylor and Henson, 2012a) .
This focus on deconstructing the origins of familiarity memory shows promise for reconciling controversies over its electrophysiological basis. The past several years have witnessed a polarizing debate over whether FN400 potentials are better characterized as a neural correlate of familiarity (e.g., a form of explicit memory; Rugg and Curran, 2007) or as a neural correlate of conceptual fluency (a form of implicit memory; Paller et al., 2007) . The present findings strongly suggest that these accounts should not be viewed as mutually exclusive, because the relationship between a particular neural signal of repetition and conscious awareness of repetition is not immutable or fixed. This perspective converges nicely with recent indications from fMRI and patient studies that brain regions once thought to be uniquely associated with conscious expressions of memory are also important for certain forms of memory that occur without awareness (for review, see Hannula and Greene, 2012) . In addition, the present findings agree with domain-general accounts of the role of fluency as a metacognitive cue in judgment and decision making, which emphasize that the same behavioral outcome can arise from a potentially wide range of fluency subtypes with diverse neural origins (Alter and Oppenheimer, 2009) .
The letter-segregation technique employed here has been used in several prior behavioral investigations of recognition driven by perceptual fluency (Algarabel et al., 2009a (Algarabel et al., , 2009b Bastin et al., 2013; Keane et al., 2006; Parkin et al., 2001) , although the present study is the first to our knowledge to examine the neural basis of recognition under these circumstances. One caveat to this body of research is that, thus far, no direct measures of letter fluency have been obtained in conjunction with this paradigm. Instead, we and others have inferred based on the nature of the manipulation that the performance benefits enjoyed in the LS condition stem from the greater diagnostic value of letter fluency. However, it is noteworthy that the occipital ERP old/new effects observed in the LS condition do closely resemble ERPs attributed to nonconscious perceptual repetition effects for words and word components in several previous studies (Grainger and Holcomb, 2009; Paller and Gross, 1998; Rugg et al., 1998; Woollams et al., 2008; Yu and Rugg, 2010) . In this way, the present electrophysiological findings can be viewed as converging evidence that performance improvements in the LS condition reflect the greater diagnostic value of fluency with perceptual features such as letters. Nonetheless, a demonstration that these ERPs are also present in a task designed to directly measure fluency with letter information would constitute stronger evidence that this specific form of fluency was operative in producing the recognition benefit in the LS condition.
As another important caveat, we do not wish to imply that fluency is always the source of familiarity, nor do we believe that the two constructs should be directly equated even in situations in which the latter is derived from the former. The extent to which a given amount of fluency is attributed to and experienced as familiarity depends on several factors, such as whether this fluency exceeds the amount that would be expected for a given stimulus within a given context (Westerman et al., 2002 (Westerman et al., , 2003 Whittlesea et al., 1990) . When expectations regarding fluency are high-such as when a word is extremely common or is easily predicted by its context-participants may be less likely to attribute fluency to recent exposure. Indeed, some research suggests that the attributional stage of the fluency-attribution process may be electrophysiologically dissociable from the fluency itself (Kurilla and Gonsalves, 2012; Wolk et al., 2004) . For example, Kurilla and Gonsalves (2012) compared ERPs in response to a manipulation of perceptual stimulus fluency under circumstances in which task conditions either did or did not encourage participants to monitor fluency as a cue to familiarity. While fluency effects were evident in posterior ERPs that occurred from 300 to 500 ms regardless of task conditions, ERPs from 500 to 700 ms differed according to whether or not participants were encouraged to attribute fluency to prior exposure. Interestingly, in Experiment 2 of the present study, ERPs during the 500-700 ms interval for related FAs were more sensitive to participants' confidence levels than were ERPs from 300 to 500 ms. It is possible that a distinction between fluency per se and the attribution of fluency to familiarity can explain this pattern; for example, the degree of attribution may have covaried with participants' recognition confidence to a greater degree than the experienced fluency itself. However, no firm conclusions of this nature can be drawn since the present study was not designed to separate neural activity related to fluency from that related to attributional processing.
The results of this study make close contact with current controversies about the neuroanatomical basis of recognition memory. The notion that recollection and familiarity might each be associated with a particular electrophysiological signal was initially developed alongside suggestions that these memory experiences are supported by separate subregions of the medial temporal region, namely the hippocampus and perirhinal cortex, respectively (Aggleton and Brown, 1999) . These medial temporal regions have been further distinguished from more posterior cortical regions-such as those comprising the ventral visual stream-which support visual perception and priming (Tulving and Schacter, 1990) . However, other recent accounts (e.g., the perceptualmnemonic feature conjunction model of Bussey et al., 2005; Bussey and Saksida, 2002; Cowell et al., 2010) reject the notion that distinct cognitive processes are supported by medial temporal relative to ventral visual stream structures. Rather, the model suggests that these regions should be viewed as a hierarchical continuum in that they differ from one another in the complexity of the stimulus representations that they compute but not with respect to the cognitive processes that they support.
The letter-segregation technique used in this study may be a promising means to test these neuroanatomical predictions, because the letter-level information that is sufficient to discriminate between old and new items in LS blocks is less complex and more stimulus-bound relative to the word and/or concept information necessary to achieve accurate recognition in N blocks. Visual word perception is thought to rely on a hierarchy of increasingly complex neuronal detectorsfrom those that detect individual letters to detectors for bigrams, letter strings, and whole words-that resides predominantly in the posterior-to-anterior expanse of a region of left occipitotemporal cortex termed the visual word form area (Dehaene et al., 2004 (Dehaene et al., , 2005 Vinckier et al., 2007) . To the extent that fluency signals relating to letter-based information are also produced in these regions, one might predict that activity in the more posterior aspect of this area would correlate with word familiarity in the LS blocks, rather than or in addition to activity in perirhinal cortex. Recent findings linking perirhinal activity to conceptual priming for words (Voss et al., 2009; Wang et al., 2010) are also consistent with this account.
More generally, the present data underscore the need to test a wider variety of stimulus materials in order to attain a more thorough understanding of familiarity. Future research using this paradigm and others that vary the content and complexity of the relevant stimulus representations (e.g., Cleary, 2004; Ko et al., 2013; Leynes and Zish, 2012) can provide a broader and more representative picture of familiarity, its neural basis, and its relationships to other forms of memory such as priming. Such research may also shed light on the discrepancies that are rampant in the literature concerning the status of familiarity memory in patients diagnosed with mild cognitive impairment, Alzheimer's Disease, or other diseases affecting memory (Algarabel et al., 2009a; Cipolotti et al., 2006; Jacoby and Kelley, 1992; Libby et al., 2013; Weiss et al., 2008; Westerberg et al., 2006 Westerberg et al., , 2013 Wixted and Squire, 2004; Wolk et al., 2005) . Interestingly, Bastin et al. (2013) recently reported that individuals with mild Alzheimer's Disease were able to elevate their recognition performance by an amount comparable to control participants when recognition for words was tested under letter-segregated conditions like those used here. Thus, this form of perceptual fluency, as well as the inferential processes that allow this fluency to be experienced as familiarity, may be spared in some patients with memory disorders (but see Algarabel et al., 2009a) . By contrast, impairments in familiarity in such patients have most often been found under conditions that emphasize conceptual processing (e.g., Ally, 2012; Embree et al., 2012) . Perhaps impoverished conceptual stimulus processing due to atrophy of anterior temporal regions can contribute to deficits in the use of conceptual information to discriminate between studied and unstudied items, even when the ability to use perceptual information in this manner remains unaffected. We hope that the present findings will spawn additional research to address these and other open questions about the deceptively complex origins of familiarity memory.
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